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;/Miarowavo Studlor of tho Torreotrhl At&aoupharo* 

UNPUBUS1M) -PRELIMINARY 
Abettactt 

Tho bade theory of thermal emisdon &om tho terrortrial atmoopherr, QO 

applicable to radio h'oquemier, L. prerentad and utilireb to aompute the effeat 
of reao~anuo linea of aautrd atmospheric conetiturat.. It i. rhom how ground- 
bartad obrsrvationa of tha H20 line at a wavelength of 1.35 am o m  bo uoed to 
obtatn tho total iategratod 8,O abunhae along the lirre of eight and give idor= 
xaaticm oa the HZO abundmae La the atratoophore. LikowPioe, it ir e&wa that 
rat+llito mierowavo oboclrVetidsu can give the integrated H20 abundance over 
oceans, but lo lero promiring over land. Tho uptwtrpm of Oz L. dioaummd in 

' ternaa of probing the &mph*ra by ground-brroed, botloorr. ylj 8otdutO obser- 
vatioru. EuUmntea u o  pr08aated for deteatiaq 0)  am3 OH by darowav8 
techaiqU.8 .  
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halfwidth might br a Sew Me, or lo##, m thnt th. condition Awlv a1 la aaflpI1ed 

and *e socoad krtg of EQ. (8)  can bo nogloctod. €lowevor, b the atmorphero, 

hollaidtha ef P r w o r a l  thoouand Ma are poroiblr and tha 8ocond term caa llro longer 

b. dropped. 

]in atmospheric atudieob the lergeot unaertahty iro wing the above-given thoor3 

ariaan from 

which,we cdectrd wi tb  tha fact that laboratory apectroocopy ir carried 6ut 

rur~e#vaotiy &erent aoaditiom ti& aro appl i ca~e  te th. terretotrial atmosphere. 

Firat? laboratory reeearch ia auually carried out with  pure oamplee of e gac; 

therefore the Ulrrewidth p.rrrmotam 10 d8termiaed are the rrault of collisiono d 

the epccieo w i t h  itself, that tr, cselt-brocrdening, wbrreac the linewidth applicable 

in atm'oopheria utudsr rerultlr from uellirlonr w i t h  revural different molecular 

Unewidth parameter, Av. Thi. occur8 for two resuoD0, both of 
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for a froquonay ia the 50 line. Qa the ather haad, for a frequency well removed 
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very different. Thio difference arise8 not becauoo the temperaturea are 

different but beaouse the ;emisoivitier are different. F o r  8xamp1er a typical 

d u e  for the,reflectton cbofficicnt of water, et n o r t h  incidence, might be 

0.5; thue thq emioeivity lwould be 0.Ss however, for lond the reflectivity io 

low and tb6 emiooivity i& approximately unity. A oeaond effect of a large 

reflectivity La that the downward radiation from the atmosphere Wtll be reflected 

/ 

from the water, paooed through the atmoophere, end radiated to upace. There- 

fore, 013. QM expect three torma irr the equatfon for the brightneu temperature: 

(1) *e upward rodfation from the atmoophere dfreotv to 8polcer (2) the redia- 

tloor*ktom'thb martwe, 8ttenuatd 

'radfatioar from the atmoopbwe, refleotd from tho water, and attenuated 

&c, jotmoowero. w ~EI  ie  the rn~rowavo refleatidty Q D ~  T~ is the temperature 

' t  

the atmosphere, and (3) the downward 
I 

I 

Of ghd WGiQIp, then th0 rObti<ra Of th. Of rodhum kmOf8S' gi-6 

It 
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mbllrouramaita and relating thorn to e\lriaao wind velocity, 

Xt fa porrible to rpproxrp~rrte PQ. (16) to firat order in T OlLd relate the area 

uador tho Wghheoo temperature prdile to the integrated B20 abundame, QO 

in 6q. (13). I Therefore, peooive aaierwave meerour~mentr from a satellite are 

oafible d OliOtRtlng a determination of the total HzO content Oa tho atmotaphere 

over oeeuuN The lame experiment over land appeara to bo lem promielng; 

however, mateorologleal data OVIF $be ocemo are far more laaktng than over 

laad. The great vduo of the naiercnrove aarthod wet other tschafquer, for 

ert.rrnpfe, krlrond, ie  that many aloud@ -8 relatively tramparent to microwave 

frequenoieo; or their affect m tho rooonmat part of the brightncras temperature 

[TS(v)1roo aan bo oubtroctod @wily from the oboerved upeotrum. A plecond 

advantage that in the aaicrrolrrov. range m e  deala with a ringlo, optiadb 
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m o t h  gives ria. to the xnhrowave rpectrum. The physical origin of thie 

&pectruILI, in tormu of molaaular parameteror ha0 b o a  dioaucpeed. 2088 
i 

equatlona analogow to Eqr. (10) and (11) have been given recmatly la a dis- 

ewaion Of tb 0,rprctnuP ta thrr twrootrial atmosphere aad w i l l  not bo 

repeated here. 14 Theoe ~ U ~ ~ I O M  follow, of cowae, from the general axpres- 

due to tho cambbed dfect ot many werlopplry: lhsa and tbr great abundance 

of Qt in theiobwphore. A 1  Big& P axad 2 ohow, Oz renders the terrestrial 

atlooocrphoro-opaqw to B-mnr. radiathm and predtadeo the poaPibllitp of probing 

th+ atznof#ph8ro fkom ground lt~vol, nowever, by obsemfng et Irequeneiasl in 

the. winga of the Qlt oompter, for o*nmple, from 5 0 4 5  Go or 65670 Ga, the 

8tmoopheria rrttcrnurtiaa ip 10434 thaa 3 db and bdividud linea rhould be dis- 

cekr~ ib lo ,~~  Furthermcwe, by wing tho a m  M a bookground aourc8. bo effect 

of the liner aiU bo enhamsad, ae dloauommd in S+otion IU. Preltminary results 
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from trying to apply r0boratorp data to the wide range of prrroureo fowd ia the 

rtmoophere. Erp8rlmeptpUy, it hor been found that o valur of approximately 

0.6 Ma/- Hg ta approprtatte for prcrrrrurer near 769 pum Iig, but values of 
21,25 - 1.6 Ma/- Hg of0 mor. appropriate ia Zhs prerrouro raago 0.25-20.6 

Thecle numbbrr r b p l y  reflect the hat that o m  ommot .powad protlioure broadening , 

to lhwdrly with preooun over a ratto of 1000rl. Another aancerW.ntr related 

to Av, which hora generally been omitted in the c.lcuiations of tho O2 rpeotrum,. 4 

ir that a ringXe value of Au fa  not appropriatm to all fiaeo. Many rneuurernents 

haw ahowa ;thio to be tho EPO~:’ but &err ir not crromplete agreameat betweem 

Bg. 

A typiaal W e  profile to be expmt8d Qt o height of SO km io ahown in Fig. 7 

for a ssrho of dUZ%rent redth eslglea, The lias shown ha8 n Peaonant freQuenq 



of 61,150.6 Ma and WOI computed f’rom Eqe. (3) ma (6) with T, 0 end ii e 30 kp;li 

however, the intogrotion wa# carriod out only to 60 km, 

When one aonslidrrr O2 Uric, profiloo at heighte ef %O kxn, or mor*, aomid- 

etable aautioa Eattat be taken la waluattag the theoretical profiles, The line- 

width that Ir due ta preooura broadening at thasre heig4ta hrprs deureaacrd to the 

point at which computing meloharriiomo of broadening may no Longer bo ignored, 

”wo typea of broadening bacosza. importar& (4 Doppler broabenhg resulting 

h r n  tha random thermal matton of the M O ~ ~ C U ~ B P ,  and (b) Zeemnn broad- 

resuLtlng from tho rplittiag of eauh line into ita Zeanron compononta by the 

Fig. 7, 

Balloon oboorvatlono of one or more O2 lines would be very weful aa a . 
meam of confirming the predictions o i  the theory of O2 emisoion, particaalarv 

with: refetenee to tha u a c e M i e r  in the preruure*broadsncrd linewidthe and 

, 

rugg@at.” A;preUdaary attempt to study a single ltne in the tapper atmosi- 

phem WOI m d e  by ths author urd hir aorrwiates when o multichrpnnel radiometer 

deoigaed to rl;udg tho 1&0 at 6i. t50.6 Mo waa carried aloft on Auguolt 22, 1963, 

The flight, lrwsch8d at the Ballooa Flight Stattoa of tho National Center for 

AtraoopherioIIRo808rah in Faleathe, Texas, was d 8 hours duration, of which 
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The miarow8ve ~poctrum of O3 ia rich in linea extending from appioxlmotelg 

IO Cc to tho infratod spectrumo ‘‘I ’’ and therefarc, Os to a prime target for ’ 

microwave rtudiar. One unruc~rsrhrf attempt hu been mad. to detect the lino 

et 36,023 Ma in the terrrstrlal rtrnosph8ro by ~ o . r u r i n g  tha otmoophoric attend 

uation aa a function of irccqueacp.1’ tt u of intoroat to mako a crude estimate 

of th. optical dopth as a rnrana of evrluating the oxpactrd rlgnal caused by Os. 

-1 26 The Itno at It, 892 Me h a m  nuxhum abrorptian aocfficiant of 7.4 X IOo5 cm 

1 

* 

P 

11 11 

and, if it i8 aasurnsd that the 0 )  layer I8 10 k m  thick, then ro * 74dr where 6 

ia tho f’rautlonol abundanm of O,* Tho total number of 0, molrouhr Ir cayprod- 

matalp IOA9 amat at a typtad height of 20 kmt thiaa e fa of tho order of IO-”. 

H68CO. T* 4 IO-’ and th8 eltpeoteb smlerioa from the atmosphere would be 

only a few tohtha @f 1.K. Howav~lr, i f  a r o k t  aborption type crlrgerimeat were 

pe&karmod, th8 ap(bct.Ct dgmk would bo apprcudmatoly 5%. Therefora, ouch 

40 experiment wrrrurtr further invertigatioo. 

f ’  3 

3 







References 

i. ii, a. Pick., R. Berhger, B. Lo &yU, mdA. B. VMO, ?&yo. Rev. 70, 
.I 

340 (19461. 

a. J. HI Vaa fnwk Playa. Rev. 11, 413 (1947); - $1, 425 (1947); Propagation of 

--c--- Short Radio Waror, editod by De E. K c r r  (1UlcGr.w-Hifl Book Corapony, hu.) 
rc 

bo 

4, 

S* 

6. 

7. 

8.  

9. 

IO. 

11. 

1 a. 

- 

I 

27 



16. 

17. 

18. 

20. 

21. 

22. 

23e 

24 

25 * 

26 

28 



c 

29 



- 
m 
D 
W 

I I 1 1 , I  I I I I I I 

x 
I- 

w 
Q 

a 

, 

85’ 

60’ 

O0 

FREQUENCY (GC/s) - 



300 

270 
26 0 

210 
2CIo 
I90 

I60 
I50 
140 - 
I30 - 
120 
I I O -  
Idlo 
go 
do 
70 - 
60 
30 - 
40 - 

- 

- 
- 
- 

- 

-. FREQUENCY (Gc/s)  
“ 9  - 2 



44  p PRECIPITABLE 

\ 

KM 

-4r 

ALTITUDE (KM)  



50 

45 

40 

35 

30 

25 

20 

1 5 -  

10 

5 -  

- 
- 
- 
- 

- 
- 
- 

. 

44 p PRECIPITABLE 

H,O ABOVE 

30 KM 

v 0 - a  

---- I7 /l 

0' I I 1 1 
15 2 0  25 30 

FREQUENCY ( G c  /o )  



- 

22.200 22.220 22.240 22.260 22.280 22,300 
. .  FREQUENC-Y(Gc 1 s )  

I 



n 

0 
Y 

Y 

w 
3 
t 

w 

a 

a a 
a 
2 
W 
t 

Cn 
u) 
W z 
t 
2 a - a a 

i 90 

i65 

80 

7 6  

170 

165 

160 

I65 

IUO 
io 20 215 30 

F R E 0 U E N CY (Oc/$) 

35 40 



-240F 
2201 
180- 

n 

0 660- 

40 

20 

v, 

z 
I- 

(3 

100- 

r 

m 
80- 

69 

40- 

- 

- 
- 
- 
- 
- 

- 

- 
- 
- 

- 

01 I I I I I I 1 I I I I I I 1 I d 
61.000 ,040 .088 ,120 ,160 ,200 ,240 ,280 

FREQUENCY (Gc /s )  
. F?. 7 


